Introduction
The term 'Citizen Science' describes the research collaborations between scientists and the public with the latter being volunteer non-experts. Inquiry-based Learning constitutes a powerful learning and teaching approach for gaining knowledge about the natural and social world [1] . Citizen Inquiry is an innovative method of informal science learning that aims to enable the engagement of citizens in online scientific investigations [2] . It combines aspects from Citizen Science and Inquiry-based Learning, such as knowledge sharing and peer review (Citizen Science) and experimentation, discovery, critique and reflection (Inquiry-based Learning). Citizen Inquiry involves people in planning and implementing their own investigations, sparked by their personal experience of everyday science, to which other people can contribute. This ownership over the investigation and its practices may lead to greater and active involvement and may add to the enhancement of competence, performance and recognition [3] and finally lead to subjects reaching higher levels of engagement [4] . However, while a number of existing studies explore the motivations around public engagement in projects that involve citizens with scientific investigation (e.g. [5] ) and its impact in specific science fields (e.g. [6] ), no current study explores the network of interaction and contributions between the project members. The aim of this study is to explore the patterns in interactions between the Weather-it members, a community of people conducting weather investigations. The key question is what is the nature of interactions in an online community of investigation where citizens create and maintain their own projects to which other members can contribute? Social network analysis will be used as the primary method of analysis in order to gain insight into the relations of the community members with other members and the recourses.
Weather-it
Weather-it is a Citizen Inquiry project which aims to explore the creation of an active and sustainable community for citizens around the world to engage in online investigations. The members of the Weather-it community are people, experts and nonexperts, interested in weather.
For the enrolment of members, invitations were released in different types of community. Some examples are the Royal Meteorological Society (RMetS) and the Tornado and Storm Research Organisation (TORRO) which have supported the project and helped in employing some weather experts. For the recruitment of less expert weather lovers, announcements were added to social networks (e.g. Facebook, Twitter) and other communities interested in weather (e.g. Flyer, OU modules), education (e.g. teachers forum) or Citizen Science (e.g. iSpot).
NQuire Toolkit
The Weather-it community is accommodated by the nQuire toolkit which consists of the online Citizen Inquiry platform nQuire-it and the Sense-it Android app. The nQuire toolkit has been designed as part of the project nQuire: Young Citizen Inquiry [7] and scaffolds the needs of Citizen Inquiry by assisting citizens in conducting their own science investigations, enhancing the social investigation aspect and promoting scientific thinking and exploration of the world. The Sense-it Android app (available from the Play Store) activates the existing sensors of Android smartphones and tablets (e.g., light, humidity, pressure, and temperature sensors). It allows users to select sensors for measurements and then visualize, store and download the sensor data log files onto their mobile devices. Sense-it also creates profiles that can be connected to Citizen Inquiry investigations hosted at the nQuire-it platform, which uploads measurements to the platform automatically.
The nQuire-it platform ( Fig. 1 ) offers three types of investigation (missions), with different methods of data collection, for the members to make their research more interesting, and a forum for further discussion. The three types of missions are Senseit, Spot-it and Win-it: Sense-it missions are connected to the Sense-it Android application; Spot-it missions use uploaded pictures for the data collection; and Win-it missions have research questions which require text as an answer. Any member of nQuire-it can create a new mission for others to join by filling out a form with details of the mission and uploading a cover image. Creating a Sense-it mission involves also specifying the sensors to be used and how the data will be processed and displayed. Fig. 1 . The nQuire-it platform -www.nquire-it.org
Weather-it Activity
As Citizen Inquiry has the potential to encourage informal learning, the presence of both experts and non-experts in the community promotes the collaboration and knowledge sharing. Consequently, a member can discuss and exchange knowledge and methods, collaborate with weather experts to improve their investigation, or help non-experts. The weather-missions can be weather questions which members have in their everyday life, a phenomenon they want to investigate, or something related to climate. Some examples from the Weather-it missions are:  Record the sunlight (Sense-it mission): The members use the Sense-it Android app. to record and compare the sunlight daily, in different European countries at the same time.  Identify the cloud (Spot-it mission): The members take pictures of clouds and upload them in order to identify the type of the cloud in collaboration with other members in the community.  Earth vs Mars (Win-it mission): A member asks a challenging question aiming to research the climate differences between Earth and Mars. The investigator sets and adjusts the fields that the participants have to complete (methods, data, resources, etc.), and the timeline of the research (proposal, voting and outcome stage). The most voted answer wins a prize.
The participants, of all levels of weather expertise, can create or join weather missions and invite their network to join too. When becoming members of a mission, they can add their comments to the mission, or to specific data (i.e. pictures, sensor readings) (Fig. 2) , and vote for their favourite data and response. In addition to the mission activities, they can create forum topics related to weather discussion, further discussion on the missions and off-topic threads for chat.
Fig. 2.
Comments on the "Identify the Cloud" mission pictures
Methods
For the exploration of the Weather-it interactions a social network analysis (SNA) approach was taken. SNA can be used in the context of learning to explore and promote collaborative links between the learners and the resources, in order to help them develop their capabilities [8] . The analysis of the structure of social networks of informal learning networks, such as educational blogs, has also been featured in the past [9] . SNA should help appreciate the structure of the Weather-it community, the participation of members (who are active and peripheral participants), and the detection of sub-communities, to understand the patterns of interactions between the members and the missions, and answer questions like who contributed to whose data. Some of the findings are then supported and qualitatively described via data logs. SNA conceptualizes individuals or resources as nodes, which will be connected by ties if a link exists between two nodes [10] . The SNA methodology has been applied to the interactions of the Weather-it community:
 Part I: The members are represented as nodes in graphs demonstrating whocontributed-to-whom. A directed tie is present between two nodes if one member contributed to the data of another member. The contribution may be (a) membership in missions, (b) data to missions, (c) comments to missions or posts, (d) liking posts, and (e) posting to the forum. Figure 3 (left) shows an example of this; Member A contributed three times to Member B, Member B twice to Member C and Member C once to Member A. The size of the nodes corresponds to their degree centrality (the number of their ties) and it means that the bigger the node, the more contributions the member received and sent. The ties are also weighted (thickened) according to the number of contributions from the one member to the other.
 Part II: The missions are represented as nodes in a graph demonstrating co-joined missions. An undirected tie is present between two nodes if one member has joined both missions. Figure 3 (right) shows members A, B and C joining Missions 1, 2 and 3.
Fig. 3.
Who-contributed-to-whom example (Left), Co-joined missions by members (right)
Preparing the Data
Although Weather-it missions continue to be available on the nQuire-it platform, in order to explore the interactions within the community, data from 14 weeks (23/11/2014-1/3/2015) were exported from the nQuire-it database. For the use of these data, the members of the community have given their consent for observation during that specific time interval. Prior to the analysis of the data, the names members used on the platform were changed to ones inspired by cloud and wind types (e.g. Cumulus, Zephyros). The final number of the contributions from the community members, including the two moderators, can be found in the table below (Table 1) : The participants who registered for Weather-it but did not register with the nQuireit platform (23) are excluded from the SNA as well as the members who did not join any mission or forum topic (15), as they are not able to create a tie in the network. Among the contributors there were some users who did not register with Weather-it and thus there was no access to their user ID and no consent to use their data; those were also excluded from the network. As a result, for part I, data from 63 members were included for constructing the whole network graph for who-contributed-towhom. For further analysis of the interactions, and the community and hub detection and description, the contributions towards the moderators of the community (Maria and Mike) were excluded, in order to spot the hubs created by the members. Thus, for the sub-communities network graph 50 members were included.
For constructing the network graphs of specific type of contributions (missions, data, and forum posts) moderators were included in order to capture the contributions of members towards them. Thus, there are 40 members for the who-contributed-datato-whose-mission, 36 for the who-commented-to-whose-data, and 29 for the whoposted-to-whose-forum-post.
For the part II and the co-joined missions, memberships from 57 members (moderators included) were added to the network. The lists of missions each member has joined were then rearranged to make pairs of co-joined missions, similarly to the method followed for co-studied massive open online course subjects [11] and the terms co-occurrence network [12] . The undirected ties that link two missions show that a member joined both of these missions. Duplicates were allowed in order to produce a weighted graph (showing the importance of the link between the missions), however, in some cases the members were "leaving" the mission and then re-joining; these kinds of duplicate were excluded from the data.
Importing to Gephi
The data were then imported into the Gephi visualization tool in a spreadsheet, creating a directed network for part I and undirected for part II. The network for part I consists of 63 nodes (members) and 421 ties. The network graph which indicates the whole network for who-contributed-to-whom is shown in Figure 4 and it is obvious that the central person in the community is the moderator (Maria), with the most of the contributions directed towards her. The sub-communities network graph consists of 50 nodes and 338 ties; the missing nodes (13) were contributions from members only towards the moderators. The modularity algorithm was then used in order to detect communities [13] of members and their hubs. Further networks exclusively for the data creation, the comments and the forum posts were also produced, including 39 nodes and 63 ties, 41 nodes and 184 ties, and 28 nodes and 66 ties, respectively. These are all weighed networks in order to indicate the contribution preferences within the community. Basic social network analysis metrics were also used, such as centrality degree, betweeness centrality, and weighted degree to give insight for the members who are in direct contact to others, lie in the middle of other members, and are the most active people within the community, respectively [10] . The network for part II comprised 24 nodes (missions) and 186 ties. The number of the Weather-it missions is 13 but as the members were also allowed to take part in other missions available on the nQuire-it platform, the final number reached 24 missions. In part II the membership interconnection is being explored, measuring the average frequency and the standard deviation of the frequency of members joining missions and then spotting the dominant and peripheral missions within the weighted degree graph of co-joined missions. Finally, the modularity algorithm is used to detect groups of missions based on their "type of mission" attribute (Sense-it, Spot-it, Winit). Taking into consideration the mission memberships helps in understanding whether the members of the community were only interested in weather investigation or they were open to any kind of investigation, their preferences towards the types of missions (and thus the data collection method), and their motivations for joining and staying in the community. Fig. 4 . Visualization of the whole network of who-contributed-to-whom in Weather-it. The nodes represent members, the ties the contributions, and the thickness of a tie corresponds to the volume of the contributions.
Results Part I
This section describes the results of part I who-contributed-to-whom. The graphs in this section represent Weather-it members and their ties according to their contributions to other members. The results in this section are divided into three main parts, the whole network, the sub-communities and the contribution by type.
Whole Network
Visualising the community, it is easy to identify the popular and the peripheral members of Weather-it. From the graph in Figure 4 we can see that one of the Weather-it moderators, Maria, is notably the most important member in the community. Besides Maria and the second moderator, Mike, some other members (Ostria, Stratus, Cumulus, Norte, Typhoon, Boreas and Brubu) also seem to be high in the degree centrality ranking and thus 'where the action is' [10] . The rest of members have about the same level of importance overall at a lower degree of centrality, and finally there are thirteen members having a single tie -and the least importance. The moderators will be excluded in the following interpretation of the network. In the betweeness centrality and the weighted-in degree Ostria seems to come to the first place and becomes the most central member in the community and the member with the most received contributions. However, the results of the weighted-out degree helped in calculating the most active person of the community, indicating Boreas as the one. The eight members with the greatest weighted degree (both in and out), who are also bolder in Figure  4 are shown in the Table 2 . From the log data it is shown that Ostria had created a Spot-it mission "Snowflake Spotting" and she maintained it, receiving many data contributions and providing feedback to her participants. Similarly, Typhoon had created a Spot-it mission in relation to "Sunsets". Boreas tended to post data (pictures) to both Ostria's mission and to "Identify the cloud" mission, created by a moderator. Brubu is a fan of Boreas' pictures and voted for almost all of them. Stratus, Cumulus and Zephyros were adding data and comments to all of the missions. Finally, Norte had created and maintained a Win-it mission "Rainfall duration", and at the same time he commented to almost all of Boreas' pictures. Whereas the most active participants create missions, contribute with data, comments and even votes, nine out of ten members with the smallest weighted degree value had joined a mission each, but had not contributed any further to it. The tenth member created a forum topic upon joining.
Sub-communities
Detecting sub-communities in the Weather-it contribution network effectively draws sub-communities of members that collaborated more often with each other. Gephi has detected five communities and they are represented in Figure 5 in different colours. The graph (Fig. 5) shows the in-degree centrality and thus recognises the received contributions and indicates the "hubs" of the sub-communities. The modularity algorithm result is 0.2, suggesting no dense connections within the sub-communities and more connections with the other sub-communities. Thus, some of the members belong in more than one community and as a result their ties are coloured in different ways. For this analysis, the groups have not been given more meaningful labels, as the clusters were derived directly from the SNA data. Further investigation of the log files for contributions within the sub-communities showed that:
 Purple: The two members, Chubasco and WarmBraw, had only joined and contributed to a single mission, the "Deserts" Win-it mission, which included a prize for the winner.  Green: The members who belong to the green sub-community (Zephyros, Levanto, etc.) were among the first Weather-it members and thus developed further ties with each other. Also, some of them may have stopped being active and did not get the chance to collaborate with newer community members.
 Red: Sundowner, Barat and Arcus have mainly contributed to the "Identify the Cloud" Spot-it mission and tended to collaborate with each other.  Yellow: This sub-community consists of people whose base was the "Snowflake Spotting" Spot-it mission. Ostria, the creator of the mission, seems to be the hub of this group with the greater in-degree centrality value in the graph.  Blue: The most of the members belong to this sub-community. Typhoon, Norte, Santa-Ana, Cumulus and Stratus have the greatest number of received contribution and thus the size of their nodes is the biggest constituting the hubs of this group. Typhoon had many contributions to her Spot-it mission "Sunsets" and Norte has also received many contributions to his "Rainfall duration" Win-it mission. Cumulus and Stratus have also created missions, the "Climate Change" Win-it mission and the "Extreme/Severe Weather" Spot-it mission respectively, but with fewer contributions. These four missions, in contrast to others (e.g. Snowflake Spotting) attracted a wide range of members. Santa-Ana has contributed interesting pictures to the "Identify the Cloud" Spot-it mission, becoming the focus of comments from a large number of members. On the whole, the creation of sub-communities may be related to the time of registration and the membership duration, the motivation for joining the community, the preference towards some mission topics or interesting data, or the wide range of contributions one may have. Analysis of interview data, currently underway, may provide further insight into motivations and preferences of participants.
Data Creation, Comments and Forum Posts
The data creation graph (Fig. 6) shows the weighted ties between the data contributors and the mission creators, separated in groups of different colours, that the modularity algorithm has detected. The green one, which is the largest one, has the moderator as its central member, as she has created the largest number of missions and thus most of the data have been created for those missions. The hub of the red group is the member Ostria, who managed to attract to her mission "Snowflake Spotting" members who also contributed to the moderator's missions (Norte, Boreas, Levanto) but also members who were not engaged in the missions created by the moderator (Papagayo, Brisote, Taku, Virga). Typhoon from the blue group, in the same way as Ostria, has attracted members who were only interested in contributing data to her mission "Sunsets" (Tramontana, Norther).
Comparing the graphs in Figure 6 , Figure 7 and Figure 8 , we can say from their size that the Weather-it members interacted more through mission and data comments rather than forum posts. Only fifteen forum threads were created by the Weather-it members and there were not many contributions towards them. The most frequent post by the forum contributors was to the "Introducing myself" thread created by a moderator (Mike). In general, the most successful forum topics were related to offtopic discussion rather than weather and missions discussion. The comments are the most popular way for the Weather-it members to contribute, indicated by the size of the graph in Figure 8 . The comments were directed either to a mission (a mission creator) or a data item (a data creator) and thus, the more missions/data one has contributed the bigger the chance of receiving a comment. The top contributors are the members Ostria, Boreas, Zephyros and Norte. An exception in this rule is the member Santa-Ana who had not added many data items but her few contributions were interesting enough (e.g. "Waterspout, Java Sea") to gather many comments and spark discussion around them.
Fig. 8. Network graph: who-contributed-to-whose-data (comments)
From the above, we can draw some conclusions regarding the preference of members in relation to the type of contribution. Few members made use of the forum for their interaction with other participants. Also, the data logs show that those who used the forum mainly contributed off-topic chat, rather than discussing the investigations. The preferred way for the members to contribute is by giving feedback and responses to missions and their data items. However, there are some exceptions (e.g. Boreas) who preferred to contribute data rather than commenting and discussing on other data.
Results Part II
This section describes the results of part II co-joined missions. The graphs in this section represent Weather-it missions and their undirected ties show co-membership between missions. The results in this section are divided into two main parts, the discussion around co-joined missions and the groups created according to the type of every mission.
Missions
Members in Weather-it joined a minimum of 1 mission and a maximum of 17 missions, with an average of three missions (mean=3.6) and a high distribution (SD=3.4) as the frequency of members joining a single mission was 19 and for joining 17 missions was one. The mission with the largest number of memberships was the "Identify the cloud" Spot-it mission, with 38 memberships from Weather-it people. The second most popular mission is "Record the sunlight" Sense-it mission with 27 Weather-it members. The third place is shared by three missions and 16 members each: "Snowflake spotting" and "Sunsets" Spot-it missions, and "Earth Vs Mars" Win-it mission. Figure 9 shows the interconnection between the co-joined missions, with the largest memberships also being the most weighted. The least connected missions, which are also shown to be peripheral in the graph are "Frost", a new Win-it mission, and four non-Weather-it missions joined by Weather-it members (Computer loudness test, Noise map, reflective perspective, how loud can you scream?). The "Bee inspired" Win-it mission, although it is a non-Weather-it mission, seems to be well interconnected with the Weather-it missions and preferred by the members. However, the Google Analytics page-view reveals that the largest number of pages that visitors looked at on the nQuire-it site is for the Spot-it missions "Identify the cloud", "Snowflake spotting" and "Sunset" with 2525, 1001 and 435 views, respectively. Figure 10 shows the missions which tend to be chosen together, separated in Sense-it (blue), Spot-it (green) and Win-it (red) mission types. The graph suggests that none of the mission types is dominant as they cover almost equal percentages: Win-it 37.5%, Sense-it 33.3%, and Spot-it 29.2%. Moreover, the modularity algorithm equals to 0.08, indicating weaker ties within the mission types and stronger ties with other mission types.
We can see that the Weather-it members may be interested in a single Weather-it mission and this might also be the reason they have joined the community, but we can also see members who are interested in general in investigation and they join not only weather missions, but also other missions available on nQuire-it platform. The three Spot-it missions that have the greatest page-views from Google Analytics, may also indicate that this kind of mission attracts many visitors to nQuire-it platform. However, a Sense-it mission which required daily participation for a month possesses the second spot within the Weather-it preferences. Finally, the overlap between the missions of different types shows that the Weather-it members are interested in joining missions of any type of data collection. 
Conclusions and Further Work
This paper has looked at the visualised patterns of interactions of the online Citizen Inquiry community Weather-it. This preliminary analysis has been made with the social network analysis method and helped identify the structure of the community and the interactions between the members and the missions. The results of this research could indicate the types of activities a member of such a public engagement project is interested in. The contribution behaviour of Weather-it members varied according mainly to their investigation preferences. Members may be interested in any available mission, in Weather-it missions, in a specific type of mission (Sense-it, Spot-it, Win-it) and in a particular mission. Although we can recognise the most popular missions, there is an interconnection between the mission memberships and type of missions, which does not allow us to draw a pattern for co-joining missions and considering a specific type of mission as dominant.. The sub-communities within Weather-it grow mainly around the members who have created missions or contributed many data rendering them the community hubs. The creation of those sub-communities depends not only on the contribution preferences but also on the time of registration. Moreover, some members had more active contribution than others, creating missions or/and offering data to those missions, while some others contenting oneself in providing feedback and comments. Additionally, some contributions by some members are focused on missions or data by a single member -and in most cases that is the moderator. A last group of members that remained silent during the project is also spotted on the graphs, providing information on what attracted them initially to the community.
However, the results of this study raise more questions, such as the relationship between weighted degree and time, as the members with the greatest weighted degree values seem to have joined the community during the first six weeks. Dynamic visualization of interactions between the members and the missions should be formed in future work, in order to study the evolution of the community over time, track individual engagement, the drop outs, the new users, and the changes in the subcommunities and the mission memberships. Alongside the activity in terms of numbers and sizes, the visualisation of words should provide insight to the vocabulary of the community and initiate a further qualitative analysis on the engagement of members with weather investigations and its learning outcome.
